ObJECtivES: the aim of this study was to investigate the effects of retraction force and anchorage reinforcement with orthodontic mini implants on occlusal force. MatEriaLS anD MEtHODS: a strain gauge was attached to the palatal surface of the maxillary right first molar on an en masse retraction model. rESULtS: Occlusal forces were measured from this model, according to different retraction forces that were generated by elastic chain, under varied compressive forces (simulating masticatory forces). this retraction experiment was then performed again, after using anchorage reinforcement with an orthodontic mini implant. Occlusal force decreased as retraction force increased. the decrease showed a significant difference above 150 g of retraction force (P < 0.05) and was more definite under compressive force higher than 150 n (P < 0.001). after anchorage reinforcement with the orthodontic mini implant, however, occlusal force did not significantly decrease with increasing retraction force. Significant differences in occlusal force were noted between the conditions with and without anchorage reinforcement when the applied retraction force was greater than 200 g. COnCLUSiOn: Occlusal force tends to decrease during retraction, and this decrease can be prevented by anchorage reinforcement with orthodontic mini implants. LiMitatiOnS: Further investigation on the actual masticatory process in humans is required for more clear clinical implication.
Introduction
Many efforts have been made to measure occlusal force. Miniature metallic bite forks, electromyographic activity of the masseter, and even sound transmission on the forehead and chin were used to estimate occlusal force. However, the patients felt discomfort during the measurement process, and the measurement error was quite severe (Helkimo et al., 1977; Gibbs et al., 1981; Devlin and Wastell, 1985) . Disposable pressure-sensitive film has been introduced to estimate occlusal force. In this method, film bitten by the patient is scanned through a computer program, and the distribution and strength of occlusal force in a natural biting condition are assessed (Shinogaya and Matsumoto, 1998) . Although this method is quite simple, direct, and convenient for both the patient and the dentist, its main limitation is that it focuses only on the occlusal surface of the whole dentition and not on the various surfaces of individual teeth.
A strain gauge, which is a small sensor that can detect changes in strain, has been applied in dentistry to measure the distribution of and change in strain. When a material is deformed by external stress, the deformation alters the electronic resistance of the attached strain gauge (Weijs and de Jongh, 1977; Pedersen et al., 1991) . Therefore, the stress can be estimated on the basis of the correlation of deformation to electronic resistance. In this method, quantification and dynamic recording of the whole masticatory cycle is possible. In addition, the gauge is simply attached to the buccal or palatal surface of the tooth of interest, rather than being positioned between the maxillary and the mandibular teeth, which does not disturb occlusion. Therefore, the measurement is more detailed and accurate.
In orthodontics, some studies of the changes in occlusal function after orthodontic treatment have been performed (Alomari and Alhaija, 2012) . Sultana et al. (2002) reported changes in occlusal force and occlusal contact area after active orthodontic treatment with premolar extraction. Using a similar study design, Choi et al. (2010) concluded that occlusal force and occlusal contact area increased gradually in all groups during a 1-year retention period and the extraction and non-extraction groups of both men and women showed no significant differences. However, neither study focused on the changes in occlusal force during orthodontic treatment. Moreover, the effects of orthodontic force on occlusal force have not been reported.
Orthodontic mini implants are widely applied in clinical orthodontics, not only for absolute skeletal anchorage but also for full-arch distalization or molar intrusion, which were considered delicate orthodontic tooth movements. However, the relationship between anchorage reinforcement with orthodontic mini implants and occlusal force has not been clarified yet (Block and Hoffman, 1995; Kanomi, 1997) .
Therefore, the aim of this study was to verify the hypotheses that there is no difference in occlusal force according to retraction force and no effect of anchorage reinforcement by orthodontic mini implant on occlusal force when closing the extraction space during orthodontic treatment.
Materials and methods

Experimental model
An en masse retraction model with anatomical resin teeth (B2-306, Nissin Dental Products, Inc., Kyoto, Japan) excluding the four first premolars was used as the experimental model. The teeth were aligned according to the Roth prescription, their root portions were coated with silicone (Examixfine, GC Corporation, Tokyo, Japan) to simulate the periodontal ligament, and these were embedded in resin (Polyurock, Metalor Technologies SA, Marin, Switzerland) with elastic modulus similar to that of alveolar bone. The model was then mounted on a semiadjustable articulator. Thereafter, 0.018-inch slot metal brackets (OptiMesh XRT, Ormco Corporation, Orange, California, USA) were passively bonded to the resin teeth by using an indirect bonding technique, 0.017-× 0.025-inch stainless steel archwires (SS Trueform I, G&H Wire Company, Franklin, Indiana, USA) were engaged to both arches, and 0.010-inch stainless steel ligature wires were tied in a figure-ofeight pattern from canine to canine in both arches (Figure 1 ).
Strain gauge and signal transduction process
A strain gauge (gauge factor, 2.22 [1.0]%; gauge length, 0.2 mm; gauge resistance, 199.60.4 Ω; KFG-02-120-C1-11, Kyowa Measuring Instruments, Inc., Tokyo, Japan) was attached to the palatal surface of the maxillary right first molar, at the midpoint of the clinical crown in the occlusogingival direction and just below the mesiopalatal cusp in the mesiodistal direction ( Figure 2 ).
A load cell was positioned between the maxillary and the mandibular right molars. Compressive force was applied by a universal testing machine (Model 3345, Instron, Norwood, Massachusetts, USA) to simulate masticatory force. Next, signals from the strain gauge were transferred to the bridge box of the Ewha Dynamic Occlusal Analyzer (Korean Intellectual Property Right 10-2011 -0069463, 10-2009 . Then, occlusal force on the tooth was measured, saved, and analysed by the inbuilt software (Da1700 Version 1.2, Castech, Seoul, Korea; Figure 3 ).
Retraction
Elastic chain (Clear Generation II, Ormco Corporation, Orange, California, USA) was stretched from the canines to the second molars for retraction. Occlusal forces were measured according to different retraction forces from 100 to 300 g, quantified by an orthodontic gauge (Stress and Tension Gauge, Dentaurum, Ispringen, Germany), under compressive forces of 50, 150, and 250 N. Each test was repeated 20 times. And all procedures were performed under the constant conditions, at 25°C room temperature and 1 atmosphere pressure.
Anchorage reinforcement with orthodontic mini implant
An orthodontic mini implant (1.4 × 8 mm; 14JA008H, Jeil Medical Co., Seoul, Korea) was inserted below the contact point of the maxillary right first and second molars and 3 mm apical to the cementoenamel junction line. It was then attached to the maxillary right second molar with 0.019-× 0.025-inch stainless steel sectioned wire and resin for indirect anchorage (Figure 4 ). Occlusal forces were measured under the same conditions used for the retraction experiment (Jeon et al., 2009) . Each test was repeated 20 times.
Transformation of value from strain gauge
Signals from the strain gauge indicated voltage altered by electronic resistance. Therefore, the load cell was used for the transformation process of voltage data to load data. When 100 N (9.8 kgf) of force was applied to the load cell, it showed a reading of 1 V. Accordingly, the following transformation formula was used:
where a is the transformation factor (1 V/100 N), I is the load (N) from the universal testing machine, and L is the voltage (V) from the load cell.
In this study, the measured voltages were 0.77, 2.35, and 3.88 V under compressive forces of 50, 150, and 250 N, respectively. Therefore, the reduction rates for transformation were 0.649, 0.638, and 0.644, respectively. Finally, the estimated occlusal force (OF est ) was calculated by using the following formula:
where S is the voltage (V) from the strain gauge, a is the transformation factor (1 V/100 N), and R is the reduction rate for transformation.
Statistical analysis
All data were entered into a data file for statistical analysis in SPSS version 17.0 (IBM-SPSS, Inc., Chicago, Illinois, USA). Analysis of variance was used to investigate the changes in occlusal force according to different retraction forces. Post hoc analysis was performed with Dunnett's test. Then, t-test was used to evaluate the changes in occlusal force in conditions with and without anchorage reinforcement. Results were considered significant when P < 0.05.
Results
Effect of retraction force on occlusal force
Occlusal force decreased with increasing retraction force. The decreases were significant when retraction forces greater than 150 g were applied (P < 0.05). With the same retraction force, the decrease in occlusal force became more obvious under increasing compressive force. Particularly, significant decreases in occlusal force were noted with retraction forces greater than 250 g and compressive forces higher than 150 N (P < 0.01; Table 1 and Figure 5 ).
Effect of anchorage reinforcement on occlusal force
Overall, when retraction force less than 150 g was applied, there was no significant decrease in occlusal force, with or without anchorage. With anchorage reinforcement condition, even when the applied retraction forces were greater than 150 g, the decreases in occlusal force were not significant (Table 2 and Figure 5 ). 
Figure 4
Anchorage reinforcement with the orthodontic mini implant. An orthodontic mini implant (a) was attached to the maxillary right second molar by using 0.019-× 0.025-inch stainless steel sectioned wire (b) and resin for indirect anchorage.
Significant differences in occlusal force were noted between conditions with and without anchorage reinforcement. When the applied retraction force was greater than 200 g, the occlusal force in condition with anchorage reinforcement was greater than that in the condition without anchorage reinforcement (P < 0.05; Table 3 and Figure 5 ).
Discussion
Among the various factors for evaluating occlusal function, occlusal force was the focus in this study. Compressive force generated by the universal testing machine simulated masticatory force, and the strain gauge attached to the maxillary right first molar was used to detect the changes in electronic resistance caused by this compressive force. Voltage altered by electronic resistance was transformed into magnitudes of force by using a predetermined formula. We defined this force as occlusal force at the actual tooth level. Therefore, we could estimate the occlusal force of the tooth of interest.
The average occlusal force during mastication and swallowing is about 40 N, and it differs according to ethnic, cultural, anthropological, and skeletal characteristics, as well as according to the measurement method (Koc et al., 2011) . Therefore, previous studies indicated occlusal force in the wide range of 200-540 N. Moreover, occlusal force in the molar region changes with food consistency (Yoshinari and Derand, 1994; Strub and Beschnidt, 1998) . Kim et al. (2009) studied the maximum compressive force needed to fracture various types of food. According to their study, walnut fractured under a compressive force of 36 N and beef jerky, crab, and chicken bone fractured under compressive forces of 50, 331, and 382 N, respectively. Therefore, we applied three different compressive forces, 50, 150, and 250 N, considering the eating patterns of patients with fixed orthodontic appliances.
Among the many different anchorage preservation techniques, orthodontic mini implants are widely applied for non-compliant absolute skeletal anchorage. In this study, to maintain the same retraction modality for the conditions with and without anchorage reinforcement, we applied an indirect skeletal anchorage system by attaching an orthodontic mini implant to the anchor tooth using rigid sectioned wire and resin.
Although the ideal retraction force is controversial, 0.5-1.0 mm retraction per month by using 50-200 g of retraction force recommended by Davis (1981) is generally accepted. Hinrichsen and Storey (1968) reported the proper retraction force as 150-200 g, and tooth movement could be delayed when the force is above or below this range. Bennett and McLaughlin (1990) stated that if heavy retraction force is applied, tipping, rotation, and extrusion are inevitable. In this Data represent means (standard deviation). *P < 0.05 and **P < 0.001 indicate significant differences in occlusal force when compared with the baseline (retraction force = 0). Effects of retraction force with and without anchorage reinforcement on occlusal force. Note the significant (P < 0.05) differences in occlusal force between conditions with and without anchorage reinforcement when the applied retraction force was greater than 200 g. study, retraction forces of 100-300 g were applied by using elastic chain; there was a reduction in occlusal force as the retraction force increased under the same compressive force, and the decrease was significant for retraction forces greater than 150 g (P < 0.05). This reduction was more definite under compressive forces higher than 150 N (P < 0.001). That is, greater reduction in occlusal force was shown with higher compressive forces. From a mechanical point of view, occlusal force detected from the strain gauge represents the resultant vector of compressive force (vertical) and retraction force (horizontal); therefore, occlusal force itself and the decrease in occlusal force also were proportional to compressive force. In summary, light and coordinated retraction forces do not significantly affect the occlusal force with or without anchorage; they should be the best accepted by the system. That is, from a standpoint of occlusal force, retraction forces less than 150 g can be recommended as an ideal retraction force. And, after the orthodontic mini implant was used for anchorage reinforcement, no significant decrease in occlusal force with increasing retraction force was noted. Therefore, to prevent the decrease in occlusal force during the retraction stage, orthodontic mini implants can be used for anchorage reinforcement.
This study was performed on an experimental model; therefore, its clinical applicability is limited. For example, although the periodontal ligament was simulated with silicone, biological responses and stress distribution are impossible to assess without simulating proprioceptors (Sathyanarayana et al., 2012) . Also, it was impossible to reproduce the actual complex masticatory system including the rhythmicity and the continuous adaptability to the shape or consistency of the bolus. Therefore, further investigation by using this method in humans is needed and should focus not only on the instant maximum biting but also on the whole masticatory cycle.
Conclusion
• Occlusal force decreased as retraction force increased, and the decrease was significant when the applied retraction NS indicates not significant; mean difference indicates the subtraction of occlusal force without anchorage from occlusal force with anchorage. A plus sign represents that occlusal force with anchorage is greater than occlusal force without anchorage. *P < 0.05 and **P < 0.001 indicate significant differences in occlusal force between the with and without anchorage conditions.
force was greater than 150 g. This decrease was greater under higher compressive force.
• Occlusal force showed no significant decrease after anchorage reinforcement with the orthodontic mini implant even when the retraction and compressive forces increased.
• Occlusal force with anchorage reinforcement was significantly different from that without anchorage reinforcement when the applied retraction force was greater than 200 g.
The hypotheses are rejected. Occlusal force tends to be reduced during retraction, and the decrease can be prevented by anchorage reinforcement with orthodontic mini implant.
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